
Abstract. Background/Aim: Maslinic acid (MA), a
pentacyclic triterpene extracted from wax-like coatings of
olives, has been shown to reduce cancer cell number through
induction of autophagy and apoptosis in many human cancer
cells including human leukemia HL-60 cells. In the present
study, we investigated whether or not MA affects immune
responses in a leukemia mouse model. Materials and
Methods: WEHI-3 cells were intraperitonealIy (i.p.) injected

into normal BALB/c mice to develop leukemia. Mice were
then treated by i.p. injection with MA at different doses (0, 8,
16 and 32 mg/kg) for 2 weeks. After treatment, all animals
were weighed and blood, liver and spleen tissues were
weighed. Blood or spleen both were used for determination
of cell markers or phagocytosis, natural killer (NK) cell
activities and T- and B-cell proliferation, respectively, by
using a flow cytometric assay. Results: MA did not
significantly affect body, liver, and spleen weights. However,
MA increased markers of T-cells (at 16 mg/kg treatment) and
monocytes (at 32 mg/kg treatment), but reduced B-cell
markers (at 8 mg/kg treatment); MA did not significantly
affect cell marker of macrophages. Furthermore, MA
increased phagocytosis by macrophages from peripheral
blood mononuclear cells and peritoneal cavity at 32 mg/kg
treatment and increased NK cell activity at target
cell:splenocyte ratio of 25:1 but did not affect B- and T-cell
proliferation. Conclusion: MA increased immune responses
by enhancing macrophage phagocytosis and NK cell
activities in leukemic mice.

Leukemia, one of the main causes of death in humans
worldwide, progresses through unregulated proliferation of
immature blood cells (1). The 2008 revision of the World
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Health Organization (WHO) classified leukemia into acute
myelomonocytic leukemia (AML) and chronic
myelomonocytic leukemia (CML) (2). In Taiwan, about two
individuals per 100,000,000 die of leukemia per year based
on 2016 Taiwan Health and Welfare Report. CML is a clonal
hematopoietic stem cell disorder with features overlapping
those of myelodysplastic syndromes and myeloproliferative
neoplasms (3). In patients with CML, about 15-30% evolve
into AML (4). AML is the most common acute leukemia in
adults and its incidence increases with age (5) and the most
common pediatric malignancy (6, 7). The incidence of AML
is approximately four cases per 100,000, and the median age
at diagnosis is 70 years (8). Currently, the clinical treatment
for patients with leukemia is chemotherapy, however, this
usually has a low efficacy and high toxicity (9). Therefore,
numerous studies are focusing on the identification and
development of new therapeutic agents from natural products
owing to their wide range of biological activities, low
toxicity and weak side-effects.

Many natural products have been clinically used for
therapeutic agents. Maslinic acid (MA) is a pentacyclic
triterpene acid present in dietary plants such as the olive
(Olea europaea L.) (10) and is especially abundant in olive
fruit skins. MA has many biological activities such as anti-
inflammatory (11), anti-oxidant (11, 12), antibacterial (13)
and anti-HIV (14), anti-virus (15), anti-diabetogenic (16) and
anticancer (10, 17-19) activities. In addition, MA also has
anti-allodynic and analgesic properties via regulating cell
metabolism and immune function (20).

Several molecular mechanisms for MA-induced cytotoxic
effects have been demonstrated, such as activation of p38
MAPK pathway in MA-treated bladder cancer cells (21) and
induction of apoptosis via the inhibition of the interleukin
6/Janus kinase/signal transducer and activator of
transcription 3 (IL6/JAK/STAT3) signaling cascade in
suppression of growth of human gastric cancer cells (22).
More interestingly, studies showed the significant inhibitory
activities of MA against human leukemia CCRF-CEM cells
and its multidrug-resistant sub-line, CEM/ADR5000, with
half-maximal inhibitory concentration (IC50) values in the
range of 7.1 to 29.7 μM (23). MA exerted parasitostatic
action and has been recognized as favoring the development
of more effective immune responses (24). However, the
molecular mechanisms of MA action in immune responses
are still not clear. In this study, we investigated the MA-
induced effects on immune responses in an in vivo mouse
model of leukemia. 

Materials and Methods

Materials and reagents. MA, dimethyl sulfoxide (DMSO), L-
glutamine and penicillin-streptomycin were purchased from Sigma-
Aldrich Corp. (St. Louis, MO, USA). Fetal bovine serum (FBS),

Iscove’s modified Dulbecco’s medium (IMDM) and RPMI-1640
culture medium were obtained from Gibco Life Technologies
(Carlsbad, CA, USA). Anti-CD3 (T-cell marker), CD19 (B-cell
marker), CD11b (monocyte marker) and Mac-3 (macrophage
marker) were obtained from BD Biosciences Pharmingen Inc. (San
Diego, CA, USA). Tissue-culture plastic ware was obtained from
TPP (Traisadingen, Switzerland). MA was dissolved in DMSO as
stock solution in a 50 ml tube for further experiments and kept at
−20˚C in the dark.

Cell culture. Murine myelomonocytic leukemia cells (WEHI-3
cells) and YAC-1 were obtained from the Food Industry Research
and Development Institute (Hsinchu, Taiwan, R.O.C.). About 1×106
cells/ml in IMDM or RPMI-1640 medium supplemented with 10%
fetal bovine serum, 100 units/ml penicillin, 100 μg/ml streptomycin
and 2 mM L-glutamine were placed in 75 cm2 tissue culture flasks
under humidified 5% CO2 at 37˚C as previously described (25).

Male BALB/c mice. Forty-eight male BALB/c mice at 5 weeks old,
weighing approximately 22-25 g each, were purchased from the
National Laboratory Animal Center (Taipei, Taiwan, R.O.C.). All
mice were housed under standard conditions of 12 h light/dark
cycles and temperature (25˚C) in the Animal Housing Facility
Center of China Medical University (Taichung, Taiwan). All mice
were fed ad libitum on a commercial diet (Prolab RMH 2500;
LabDiet, PMI Nutrition, Brentwood, MO, USA). The animal study
project was reviewed and approved by the Institutional Animal Care
and Use Committee of China Medical University (approval ID:
2017-009-1). In vivo experiments were carried out in accordance
with the institutional animal ethical guidelines of the China Medical
University as described previously (25). 

Treatment of animals with MA. The in vivo immune responses of
MA were performed by analysis of leukocyte populations and
associated activities as previously described (25). In brief, 48 mice
were randomly divided into six groups (n=8). Group I mice received
normal diet as control. In the other five groups, mice were
inoculated i.p. with WEHI-3 leukemia cells (8×104 cells/mouse) to
generate leukemic mice. Group II mice received with normal diet
as positive control. Group III mice received all-trans retinoic acid
(ATRA), used clinically for therapy of acute promyelocytic
leukemia, (5 mg/kg; Sigma-Aldrich Corp., St. Louis, MO, USA) in
olive oil by oral gavage every 2 days, as a control. Group IV-VI
mice received MA (8, 16, and 32 mg/kg, respectively) in DMSO by
i.p. injection every 2 days. All mice were weighed every 2 days.
The flowchart of the animal experiment is summarized in Figure 1.
At day 21, all mice were weighed and sacrificed by euthanasia with
CO2 as described previously (25) and blood, liver and spleen tissues
were collected. 

Immunofluorescence staining for cell-surface markers. At the end
of treatment, all mice were individually weighed and blood samples
were collected. For isolating leukocytes, a 200-μl blood sample
from each animal was lysed for destroying red blood cells with
1×Pharm Lyse™ lysing buffer (BD Biosciences; San Jose, CA,
USA) as the guideline from BD Biosciences. After centrifugation,
isolated leukocytes were individually stained by phycoerythrin (PE)-
labeled anti-mouse CD3, PE-labeled anti-mouse CD19, fluorescein
isothiocyanate (FITC)-labeled anti-mouse CD11b and FITC-labeled
anti-mouse Mac-3 antibodies for 1 h at 4˚C. All samples were
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analyzed by flow cytometry for determining the percentage of cell
markers and quantified using CellQuest™ Programs (Version 5.2.1,
BD Biosciences, San Jose, CA, USA), as previously described (25). 

Measurement of macrophage phagocytosis. Macrophage
phagocytosis was measured by flow cytometric assay as described
previously (25). In brief, macrophages were isolated from peripheral
blood mononuclear cells (PBMCs) and peritoneum of each mice
from each treatment group. Macrophages were placed in plates and
50 μl of Escherichia coli-FITC were added to the cells according
to PHAGOTEST® kit manufacturer’s instructions (ORPEGEN
Pharma Gesellschaft für biotechnologische, Heidelberg, Germany)
and mixed well. All samples were analyzed for phagocytosis using
flow cytometry and then were quantified by CellQuest™ Programs
(BD Biosciences) as described previously (25).

Measurement of natural killer (NK) cell cytotoxic activity. Isolated
splenocytes (1×105 cells/well) in RPMI-1640 medium were placed
in a 96-well plate. The target cells (YAC-1 cells; Food Industry
Research and Development Institute, Hsinchu, Taiwan, R.O.C.)
(2.5-5×106 cells) in PKH-67/Dil.C buffer (Sigma-Aldrich Corp.)
were added to the cells and mixed thoroughly for 2 min at 25˚C.
PBS (0.2 ml) was added to each well for 1 min and 0.4 ml medium
were added and plates were incubated for 10 min. At the end of
incubation, samples were centrifuged at 260 × g for 2 min. NK cell
cytotoxic activity from each treatment was measured by flow
cytometry as described elsewhere (25).

Measurement of T- and B-cell proliferation. Splenocytes (1×105
cells/well) in 100 μl PBS from each animal were placed in a 96-well
plate containing 100 μl of RPMI-1640 medium. For T-cell
proliferation examination, concanavalin A (Con A, 0.5 μg/ml; Sigma-
Aldrich Corp.) was added to the cells to stimulate for 3 days. For B-
cell proliferation examination, lipopolysaccharide (LPS, 1 μg/ml;

Sigma-Aldrich Corp.) was added to the cells to stimulate for 5 days.
Both samples were measured by using CellTiter 96 AQueous One
Solution Cell Proliferation Assay kit (Promega, Madison, WI, USA)
as previously described (25).

Statistical analysis. All values are expressed as mean±standard error
(S.D.). Comparisons between groups were analyzed by one-way
ANOVA analysis of variance and Tukey test for multiple
comparisons (SigmaPlot for Windows version 12.0; Systat Software,
Inc., San Jose, CA, USA). A value of p<0.05 was considered to
indicate a statistically significant difference.

Results

Effects of MA on body, liver and spleen weights of leukemic
BALB/c mice. After treatment with MA, blood, liver and
spleen were collected from the six groups mice.
Representative animal appearances and body weights are
shown in Figure 2A and B, respectively; there were no
significant differences between groups. The survival rate of
leukemia-bearing mice was markedly reduced in the group
treated with 32 mg/kg MA (Figure 2C). Based on these
observations, MA may have effective anti-leukemic activity in
vivo. Furthermore, representative liver and spleen weights are
shown Figure 2D and E. The results indicate that MA slightly
reduced the liver weight (Figure 2D) and spleen weight
(Figure 2E) at low doses (8 and 16 mg/kg, respectively) when
compared with the WEHI-3 control (WC) group. 

Effects of MA on cells markers of white blood cells of
leukemic BALB/c mice. Blood samples were collected and
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Figure 1. The procedure of establishment of leukemic mice and maslinic acid (MA) treatment. ATRA: All-trans retinoic acid (ATRA); AML: acute
myelomonocytic leukemia.
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Figure 2. Continued



stained with anti-CD3, -CD19, -CD11b and -Mac-3. The
results indicate that MA slightly increased CD3+ T-cells at 16
mg/kg treatment (Figure 3A), but significantly reduced CD19+
B-cells (Figure 3B) at 8 mg/kg treatment. MA also non-
significantly increased CD11b+ (Figure 3B; 32 mg/kg MA
treatment) but slightly reduced Mac-3+ macrophages (Figure
3D; 8 mg/kg treatment) when compared to the WC group.

Effects of MA on macrophage phagocytosis from PBMC and
peritoneal cavity of leukemic BALB/c mice. Macrophages
isolated from PBMCs and the peritoneal cavity were used to
measure the levels of phagocytosis by flow cytometry. MA
treatment at 8, 16, and 32 mg/kg significantly increased
phagocytosis by macrophage from PBMCs (Figure 4A) and
from the peritoneal cavity at 32 mg/kg (Figure 4B).

Effects of MA on cytotoxic activity of NK cells from
leukemic BALB/c mice. Splenocytes isolated from each
treatment group were used to measure NK cell activities
using YAC-1 cells as target cells. The results indicate that
YAC-1 cells were killed by NK cells at 8 mg/kg MA that
indicated that MA increased NK cell activities at target
cell:splenocyte ratio of 25:1 when compared to the WC
group (Figure 5). 

Effects of MA on proliferation of B- and T-cells of leukemic
BALB/c mice. Splenocytes isolated from each treatment
group were used for measuring B- and T-cell proliferation
using Con A (T-cell mitogen) and LPS (B-cell mitogen),
respectively, for stimulation. Results shown in Figure 6
indicate that MA at 32 mg/kg treatment without Con A
stimulation significantly reduced T-cell proliferation (Figure
6A). However, none of the treatments significantly affected
B- and T-cell proliferation (Figure 6A and B) after
stimulation when compared with the WC group. 

Discussion

Numerous studies have shown that MA induces cytotoxic
effects on human cancer cell lines through the induction of
cell apoptosis including human leukemia HL-60 cells (21,
26), however, there is no available information to show the
effects of MA on mouse leukemia in vivo. Another reason
for this experiment is that MA has been suggested to
represent a new class of anti-malarial compound based on its
parasitostatic action, which favors the development of more
effective immune responses (24). Murine WEHI-3 cells were
injected into normal BALB/c mice to generate an animal
model of leukemia that is a well-known protocol. 
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Figure 2. Effects of maslinic acid (MA) on the bodyweight, liver and spleen weight of leukemic BALB/c mice. Group I was treated with normal diet
and acted as control (C). Group II-VI mice were intraperitoneally injected with WEHI-3 cells and then were divided into groups. Group II, as
WEHI-3 control (WC), was treated with normal diet. Group III was treated with 5 mg/kg of all-trans retinoic acid (ATRA). Group IV-VI were treated
with 8, 16, and 32 mg/kg of MA, respectively. All animals were treated for 8 days. The total body, liver, and spleen weights and survival rates were
measured every 2 days.  Representative images of animal appearance (A), body weight (B), survival rate (C), and liver (D) and spleen (E) weights
are presented. *Significantly different at p<0.05 from WEHI-3 control group.



MA displays low toxicity towards non-tumoral cells and
can be regarded as safe in therapeutic applications. Literature
reported that MA stimulated the growth of rainbow trouts
(Oncorhynchus mykiss) (16, 27) by affecting protein
synthesis, and MA increased the survival rate of mice from
20% to 80% and led to immune protection after lethal
Plasmodium yoelii infection (28, 29). In the present study, as
shown in Figure 2B, MA slightly increased the body weight
of leukemic mice and did not induce toxic effects during the
treatment periods. The results also showed that MA
treatment at a high dose (32 mg/kg) increased the survival
rate of leukemia mice (Figure 2C), but the detailed
mechanism underlying this remains to be clarified.

Cell population assay from blood samples of leukemic
mice showed that MA slightly increased the expressions of
T-cell (CD3, Figure 3A) and monocyte (CD11b, Figure 3C)

markers at 16 and 32 mg/kg treatment, respectively, but
significantly reduced the expression of CD19 (B-cells,
Figure 3B). T-Cells (CD3+), B-cells (CD19+) and monocytes
(CD11b+) play critical roles in immune responses. CD3 is
expressed in the membrane and cytoplasm of normal and
neoplastic T-cells (30). CD19 plays roles in antigen-
independent development as well as in immunoglobulin-
induced activation of B-cells. CD19 is, thus, critical for the
body to mount an optimal immune response. CD19 is
thought to play dual roles in B-cell activation (31). CD11b
plays a role in regulating leukocyte adhesion and migration
and modulates various aspects of immune responses (32).
Much evidence has shown that several types of white blood
cell are involved in producing immune responses (33, 34).
We also found that MA increased immune responses in
leukemic BALB/c mice in vivo. 
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Figure 3. Effects of maslinic acid (MA) on levels of cell markers in white blood cells from leukemic BALB/c mice. Group I was treated with normal
diet and acted as control (C). Group II-VI mice were intraperitoneally injected with WEHI-3 cells and then were divided into groups. Group II, as
WEHI-3 control (WC), was treated with normal diet. Group III was treated with 5 mg/kg of all-trans retinoic acid (ATRA). Groups IV-VI were
treated with 8, 16, and 32 mg/kg of MA, respectively. All animals were treated for 8 days.  Blood was collected from each animal and analyzed for
cell markers (A: CD3; B: CD19; C: CD11b; D: Mac-3) by flow cytometry as described in the Materials and Methods. *Significantly different at
p<0.05 from WEHI-3 control group. 



In the present study, E. coli-FITC was used as a target for
examining macrophage phagocytosis (25) and YAC-1 cells
as a target for NK cell activity (35, 36). Our results showed
that MA (8, 16, 32 mg/kg) increased phagocytosis by
macrophages from PBMCs (Figure 4A) and the peritoneal
cavity (32 mg/kg) (Figure 4B). Numerous studies have
demonstrated that in response to microenvironmental signals,
macrophages have a great plasticity which allows them to
differentiate into several functional states (37-39). Many
studies examined the roles of immune cell subtypes and their
capacity for function or dysfunction in the tumor
microenvironment (40, 41). We also found that MA
treatment at 8 mg/kg increased NK cell activity. It has been
suggested that the stimulation of NK cell cytotoxicity may
lead to an increased immune response (42). 

In conclusion, based on these results, we suggest that MA-
modulated immune responses may occur through increasing
CD19 and CD11 markers (populations), and macrophage
phagocytotic activity, and promoting NK cell cytotoxicity in
leukemic mice in vivo. 
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Figure 4. Effects of maslinic acid (MA) on phagocytosis by macrophage from peripheral blood mononuclear cells (PBMCs) (A) and peritoneal
cavity (B) of leukemic BALB/c mice. Group I was treated with normal diet and acted as control (C). Group II-VI mice were intraperitoneally injected
with WEHI-3 cells and then were divided into groups. Group II, as WEHI-3 control (WC), was treated with normal diet. Group III was treated with
5 mg/kg of all-trans retinoic acid (ATRA). Group IV-VI were treated with 8, 16, and 32 mg/kg of MA, respectively. All animals were treated for 8
days. Blood samples were collected from mice then macrophages were isolated from PBMCs and peritoneum of each mouse. Macrophage
phagocytosis was measured by flow cytometry and quantified by CellQuest as described in the Materials and Methods. Significantly different at
*p<0.05, **p<0.01 and ***p<0.001 from WEHI-3 control group.

Figure 5. Effects of maslinic acid (MA) on cytotoxic activity of natural
killer (NK) cells in leukemic BALB/c mice. Group I was treated with
normal diet and acted as control (C). Group II-VI mice were
intraperitoneally injected with WEHI-3 cells and then were divided into
groups. Group II, as WEHI-3 control (WC), was treated with normal diet.
Group III was treated with 5 mg/kg of all-trans retinoic acid (ATRA).
Groups IV-VI were treated with 8, 16, and 32 mg/kg of MA, respectively.
All animals were treated for 8 days. NK cell cytotoxic activity was
measured by flow cytometry as described in the Materials and Methods.
Significantly different at *p<0.05, **p<0.01 and ***p<0.001 from
WEHI-3 control group.
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